ABSTRACT H+/site, charge/site, and ATP/site ratios have been determined at coupling sites I, II, and III. Three e-donors have been used for coupling site III: ferrocyanide, ascorbate + tetramethyl-p-phenylenediamine (TMPD), and succinate + TMPD. The H /site ratios are 4.0 with ferrocyanide and 6.0 with succinate + TMPD (at pH <7.0); the charge/site ratios are 6.0 with ferrocyanide and with succinate + TMPD (at pH <7.0) and 4.0 with ascorbate + TMPD; the ATP/site ratio is 1.34 with ascorbate + ferrocyanide. These ratios have been obtained in the presence of amounts of antimycin A that provide full inhibition of site II. For coupling sites I and II, ferricyanide has been used as e-acceptor and succinate or NAD-linked substrates as e-donors. The H+/site ratios are 4.0 at sites I and II; the charge/site ratios are 4.0 at site I and 2.0 at site II; the ATP/site ratios are 1.0 at site I and 0.5 at site II. Two major factors affect the stoichiometries: (i) dimension of ASH and (ii) supply of H+ from the matrix. There is a correlation between collapse of A4H and increase of H+/site and charge/site ratios.
when ferricyanide is e-acceptor. To account for an extrusion of II+ in excess of that predicted by the loop model, it is proposed that each coupling site contains a channel acting as a H+ pump.
The mechanism of H+ translocation is thought of as involving either a loop arrangement of hydrogen and electron carriers in the respiratory chain (1) or protein patches acting as H+ channels coupled with electron carriers (2) (3) (4) (5) . Distinction between the two concepts has been attempted by determination of the topology of the respiratory carriers or measurement of the H+/e-ratios. Mitchell and Moyle (6, 7) measured the H+/site ratios on the entire chain (by using oxygen as e-acceptor) or on segments (by using ferrocyanide or ferricyanide as e-donor and acceptors) and found a ratio of 1 (12) ]. Second, Lehninger and coworkers (13) (14) (15) (16) found 4 charges/site and 3-4 H+/site by measuring the stoichiometries either with oxygen and reductant pulses or in the steady state. Lehninger and colleagues (14) reported a substantial increase in the H+/site ratios after abolition of Pi reuptake by N-ethylmaleimide (MaINEt). Third, Wikstrom (17) (18) (19) (22) . Incubation details are given in the legends. H+ displacement was measured with a pH-sensitive electrode, and K+ uptake was measured with a cation-specific electrode; radiometer pH-meters connected to a Texas Instrument recorder were used. Ferrocyanide oxidation and ferricyanide reduction were followed in a dual wavelength spectrophotometer (420/460 nm). Ca2+ uptake was measured with murexide in a dual wavelength spectrophotometer. Oxygen consumption was determined with a Clark oxygen electrode. ATP synthesis was measured either on the basis of the amount of oxygen or ferrocyanide consumed during a state 4-to-state 3-to-state 4 transition or directly (23) . The reaction was terminated with perchloric acid. The sample was neutralized and the amount of ATP was determined fluorimetrically through the formation of NADPH. Determination of A/H was as described (23 (17) (18) (19) or ascorbate + N,N,N',N'-tetramethyl-pphenylenediamine (TMPD) as e-donor (27 ATP/2e-ratio with NAD-linked substrates for the site II ATP/2e-ratio yields an ATP/2e-ratio for site I approaching 1.0. The charge/2e-and ATP/2e-ratios were also measured during TMPD bypass of antimycin inhibition of /-hydroxybutyrate oxidation, which reflects the operation of site I + site III. An overall charge/2e-ratio of 7.52 was observed, which is in accord with the separation of 4 Table 3 also shows that, in the presence of 2 mM K+, decreasing P1 from 1 mM to 10 MM was accompanied by a depression of the rate of K+ uptake. Again, because the rate of 02 uptake was much less depressed, the K+/O ratio decreased.
DISCUSSION
Determination of the H+/e-ratio, albeit a difficult experimental problem, is the most direct means to test whether loops are adequate to account for H+ transport during e-transfer. In the case of the H+/site ratios, a major source of artifact is the uptake of weak acids. H+ extrusion, tightly coupled to cation uptake, leads to formation of ApH. Since weak acids distribute according to ApI-, there is a decrease in the net H+ extrusion proportional to the extent of uptake of weak acids that are in the medium or have leaked from the mitochondria.
Apart from the artifactual masking of the H+ extrusion due to weak acid uptake, two major factors affect the stoichiomne- We find, during the passage of 2 e-through site I, the extrusion of 4H+, the separation of 4 charges, and the synthesis of 1 ATP. These ratios are consistent with the uptake of 6Ca2+ (32, 33) and 12K+ (8, 9) during oxidation of NAD-linked substrates. Mitchell and Moyle (7) have reported the extrusion of 6H+/2e-during oxidation of NAD-linked substrates by ferricyanide. H+ extrusion was presumably underestimated due to endogenous P1 reuptake. Furthermore, the correction used by Mitchell and Moyle-2H+/2e--is questionable because it is based on the assumption of a ferricyanide-dependent oxidation (either directly or indirectly) of a H carrier at the C surface.
We find, during the passage of 2e-through site II, the extrusion of 4H+, the separation of 2 charges, and the synthesis of 0.5 ATP. The extrusion of 4H+ is in accord with Mitchell and Moyle's observations during ferricyanide pulses (7) . The Q cycle (34) also predicts the extrusion of 4H+ and the separation of 2 charges in the b-cl complex. However, a stoichiometry of 4H+ and 2 charges may also be explained by assuming that 2 of the 4 charges separated during H+ translocation are lost during ferricyanide reduction at the C surface. This assumption is supported by the correlation between charge/site and ATP/site ratios. If the loop mechanism were correct, charge/site and ATP/site ratios at sites I, II, and III should be identical. However, ATP/site ratios are 1, 0.5, and 1.5 at sites I, II, and III, respectively, and charge/site ratios are 4.0, 2.0, and 6.0 at sites I, II, and III, respectively.
During the passage of 2e-through site III, we find the extrusion of 4H+, the separation of 6 While the present manuscript was under revision, a paper reaching similar conclusions appeared by Alexandre et al. (47) . However, close examination suggests that the agreement is accompanied by some experimental discrepancies.
